weight among the local breeds (Maeda et al. 2004 ). These breeds, except Sha, have been reared throughout the country but are more concentrated in the central part of Myanmar, such as the Mandalay, Sagaing and Magway regions (National Consultative Committee, Myanmar 2002) . Shan Ngwar Pu is reared only in the Shan state. Furthermore, cattle crossbred between exotic breeds and native cattle are reared in Myanmar. The crossbreds between Holstein Friesian and native cattle are the most popular because of high milk productivity.
Clear phylogenetic bifurcation in bovine mitochondrial DNA (mtDNA) has been reported (Loftus et al. 1994; Bradley et al. 1996) : major haplogroups T and I in Bos taurus and Bos indicus, respectively. In the mtDNA D-loop sequences, B. taurus was categorized into five subhaplogroups (T, T1, T2, T3 and T4) and B. indicus into two sub-haplogroups I1 and I2 (Achilli et al. 2008; Chen et al. 2010 ). In addition, five major haplogroups P, Q, R, C and E have been identified in the D-loop sequences: Haplogroup P was found in ancient European aurochs (Bos primigenius) and modern Asian cattle populations (Achilli et al. 2008) .
Haplogroup Q is closely related to the haplogroup T (Bonfiglio et al. 2010) and was found in ancient cattle (Bollongino et al. 2006) and modern cattle in Eurasia and Africa (Achilli et al. 2008; Achilli et al. 2009 ). Haplogroup R has only been detected in modern Italian cattle (Bonfiglio et al. 2010) . Haplogroup C was observed in ancient northeast Chinese cattle dated to 10,660 BP (Zhang et al. 2013) . Haplogroup E was detected in an aurochs (<6,000 BP) from Germany (Edwards et al. 2007) .
To date, some genetic studies on Myanmar native cattle have been reported (Maeda et al. 2004; Nomura et al. 2004; Tanaka et al. 2004; Chen et al. 2010; Shimogiri et al. 2010) . Maeda et al. (2004) stated that Myanmar native cattle have nine patterns of coat color. From the studies on blood protein and SRY gene polymorphisms, Myanmar native cattle generally belong to the zebu type (Nomura et al. 2004; Tanaka et al. 2004) . Also, Chen et al. (2010) showed that 30 Myanmar native cattle had zebu haplotypes using mitochondrial D-loop sequence. However, there is no 
MATERIALS AND METHODS

Sample collection, DNA extraction
Polymerase Chain Reaction (PCR) amplification and sequencing
The complete mtDNA D-loop was amplified using a pair of primers: 5' -AAACTGCAGTCTCACCATCAAC-3' and 5' -GATTATAGAACAGGCTCCTCTA-3' . These primers were slightly changed from those of the previous paper (Loftus et al. 1994) . The PCR protocol was as follows: 
Data analysis of bovine mtDNA D-loop sequences
Identification of polymorphic sites and haplotypes was performed after aligning the D-loop sequences of 140
Myanmar cattle with a reference sequence (GenBank accession number L27733; Loftus et al. 1994 (Rozas et al. 2017) . The possible relationship between haplotypes was estimated using the neighborjoining (NJ) tree (Saitou & Nei 1987) , drawn by the MEGA 7.0 software (Kumar et al. 2016) , in which the evolutionary distances were computed using the Kimura 2-parameter method (Kimura 1980 study. Earlier reports using Asian native cattle described that some taurine introgressions were observed from the mtDNA D-loop sequence data (Loftus et al.1994; Bhuiyan et al. 2007 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Shwe Ni Pyar Sein Shan Ngwar Pu Ngwar pyar Ni Crossbred Total 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 9 0 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 3 3 3 1 1 2 2 3 5 1 2 4 5 7 8 8 0 1 2 2 4 2 3 3 6 0 0 2 3 7 7 4 4 5 3 9 2 9 0 4 4 5 1 3 4 7 1 9 1 2 0 0 1 6 9 3 8 1 6 3 The size of the node is proportional to the haplotype frequency in the 140 animals. For haplotype differentiation, L27733 (Loftus et al. 1994) , AB268565 (Lin et al. 2007 ), EU177869 (Achilli et al. 2008 ) and FJ492612 (Chen et al. 2010) were used for I1 haplotype, I1a haplotype, I2 haplotype and I2a haplotype, respectively. As the representative sequences of the haplogroups, L27722 (Loftus et al. 1994 ) and EU177869 (Achilli et al. 2008) were used for the zebu haplogroups I1 and I2, respectively. The GenBank accession numbers, V00654 for haplogroup T (Anderson et al. 1982) , HQ184045 for haplogroup R (Bonfiglio et al. 2010) , DQ124389 for haplogroup P (Achilli et al. 2008) , EU177867 for haplogroup Q (Achilli et al. 2008) , DQ915576 for haplotype E (Edwards et al. 2007 ) and KF525852 for haplotype C (Zhang et al. 2013) , were used in this study. Moreover, the sequences of JN632605 for Bos javanicus, (Hassanin et al. 2012) , DQ319905 for Bos gaurus, GQ464312 for Bos grunniens (Wang et al. 2010 ) and EU177871 for Bison bison (Achilli et al. 2008) were also used as outgroup of Myanmar cattle. All 27 haplotypes were separated into two zebu haplogroups. The Journal of Animal Genetics (2018) 46, 57-67 D-loop Analysis in Myanmar cattle whole and was observed in the populations, except Shw and Pya. No sequence of the I2a haplotype was observed in this study, which agreed with the previous study (Chen et al. 2010) . Table 3 shows the genetic diversity estimates of five cattle populations obtained in this study. The haplotype and nucleotide diversities of the five populations ranged from 0.193 in Sha to 0.832 in Cro and from 0.00051 in Sha to 0.00334 in Cro. The Cro population had the highest genetic diversity among all populations. This resulted from lower MYAH10 haplotype frequency (40%) and higher haplotype frequency of the I2 haplogroup (15%) and suggests the composite population of Holstein and various Myanmar native breeds. The Shw and Pya breeds were much the same as Ngw in haplotype diversity but lower nucleotide diversity than Ngw, reflecting the difference of haplogroup distribution between them. Sha showed the lowest genetic diversity because of the highest MYAH10 frequency (90%) and a few haplotype numbers. The possible reason is that Sha has been reared only in the Shan state and farmers of Sha were fewer than the other states. In total, Myanmar cattle showed 0.528 ± 0.053 in haplotype diversity, 0.00157 ± 0.00026 in nucleotide diversity and 1.423 in the mean number of nucleotide differences. These estimates indicated a lower genetic diversity, when compared with those of other Bos indicus populations of China (Lai et al. 2006) , India (Chen et al. 2010 ) and the Red Chittagong cattle of Bangladesh (Bhuiyan et al. 2007) .
Genetic diversity of Myanmar local breeds and crossbred population
Genetic differentiation and relationship among the local breeds and crossbred population
To reveal a genetic differentiation and relationship among the breeds and population, we calculated pairwise FST distances using the D-loop sequences. The pairwise FST values ranged from -0.0083 to 0.1320 (Table 4 ). The breeds and population except Sha were closely related to each other in terms of the pairwise FST values, but Sha was significantly different from others (Table 4 ). AMOVA also showed that a variation among the populations was 1.4% of the total variation (Table 5) 
Population expansion of Myanmar cattle breeds
In Fig. 4 , the star-like pattern of the MJ network map suggests that a recent population expansion event may have occurred for the Myanmar cattle (Ferreri et al. 2011). Fig.5 presents the mismatch distribution (pairwise number of differences) for the two maternal haplogroups using the complete dataset, to infer recent demographic events, such as population growth (Slatkin & Hudson 1991; Rogers & Harpending 1992) . The mismatch distributions for the haplogroups I1 and I2 were bimodal distributions: One major peak with maximum frequency at mismatch number of 2 in haplogroup I1 and two major peaks in the maximum frequency at mismatch numbers of 1 and 2 in haplogroup I2 (Fig.5) . These results suggest that recent population expansion events may occur in both I1 and I2 haplogroups.
Neutrality tests (Tajima' s D test, Fu and Li's D test, Fu and Li' s F test) were performed to detect population growth (Tajima 1989; Fu & Li 1993 Concerning Sha, which is reared only in the Shan state, the reason for the population expansion was unclear.
CONCLUSION
Myanmar consists of abundant cattle in the world.
Here, the mtDNA D-loop sequence analysis provided evidence for genetic diversity and differentiation of the popular local breeds and the crossbred cattle population in 
